Abstract. The authors' previous study revealed that the serum levels of microRNA (miR)-663b are significantly increased in patients with nasopharyngeal carcinoma (NPC), and are associated with NPC progression and poor prognosis. However, the molecular mechanism of underlying NPC growth and metastasis remains unclear. In the present study, quantitative polymerase chain reaction and western blot analyses were performed to examine changes to mRNA and protein expression, respectively. MTT, wound healing and Transwell assays were used to examine cell proliferation, migration and invasion, respectively. Luciferase reporter gene assays were performed to identify target genes of miR-663b. It was demonstrated that miR-663b was significantly upregulated in NPC tissue compared with non-tumor nasopharyngeal epithelial tissue samples. Furthermore, miR-663b expression gradually increased with advancing stages of NPC, with the highest expression being observed in the latest stage IV. The increased expression of miR-663b was associated with advanced clinical stage and lymph node metastasis. In addition, miR-663b expression was increased in NPC cell lines compared with normal nasopharyngeal epithelial NP69 cells. Knockdown of miR-663b resulted in a significant reduction in the proliferation, migration and invasion of NPC CNE1 cells. Tumor suppressor candidate 2 (TUSC2) was identified as a novel target gene of miR-663b. It was further demonstrated that TUSC2 was significantly downregulated in NPC tissue samples and cell lines. miR-663b negatively regulated the expression of TUSC2 at the post-transcriptional level in CNE1 cells. Additionally, inhibition of TUSC2 expression attenuated the suppressive effects of miR-663b downregulation on the proliferation, migration and invasion of CNE1 cells. To the best of our knowledge, this is the first study to demonstrate that miR-663b, which is upregulated in NPC, promotes the proliferation, migration and invasion of NPC cells, partially through the inhibition of TUSC2 expression. Therefore, it is suggested that miR-663b is a promising therapeutic target for the treatment of patients with NPC.
Introduction
Nasopharyngeal carcinoma (NPC), mainly due to genetic susceptibility and Epstein-Barr virus (EBV) infection, is a common head and neck cancer with very high prevalence in Southeast Asia and Southern China (1) (2) (3) . Although NPC at early stage is highly radiocurable, the outcomes of patients with locoregionally advanced NPC is poor (4, 5) . Therefore, revealing the underlying mechanisms of NPC growth and metastasis is urgently needed, which may help develop effective therapeutic strategy for the treatment of NPC.
MicroRNAs (miRs) are a class of small non-coding RNAs, and have been demonstrated to act as key gene regulators through directly binding to 3' untranslated regions (3'UTRs) of their target mRNAs, which further leads to mRNA degradation or translation inhibition (6) (7) (8) . It has been well-established that miRs play important roles in the regulation of cell proliferation, differentiation, apoptosis, migration, invasion, and so forth (9) (10) (11) . Moreover, many miRs have been reported to direct target oncogenes or tumor suppressors, and thus play suppressive or promoting roles in human cancers (10, (12) (13) (14) . In recent decade, deregulations of specific miRs have been implicated in NPC development and progression, such as miR-15a, miR-138, miR-214, miR-218, and miR-663b (15) (16) (17) (18) (19) . Yi et al reported that inhibition of miR-663 suppressed the proliferation of NPC CNE1 and 5-8F cells in vitro, and the NPC tumor growth of xenografts in nude mice (19) . However, the molecular mechanism of miR-663b in the regulation of the malignant phenotypes of NPC cells still remains to be fully studied.
Tumor suppressor candidate 2 (TUSC2), is also known as FUS1 in chromosome 3p21.3 region, and has been demonstrated to act as a tumor suppressor (20) . Many allele losses and genetic alterations are observed in some common cancer types, such as breast cancer, lung cancer and so forth (20) (21) (22) . For instance, Xin et al reported that TUSC2 acted as a tumor-suppressor gene by upregulating miR-197 in human glioblastoma (23) . Recently, Zhou et al showed that TUSC2 was among the 8 downregulated genes associated with cell apoptosis in the chromosome deletion regions according to the NPC gene chip data (24) . However, the expression pattern of TUSC2 as well as the regulatory mechanism underlying TUSC2 expression in NPC still remains obscure.
Therefore, the present study aimed to examine the expression of miR-663b in NPC tissues compared with non-tumor tissues, and then investigate the molecular mechanism of miR-663b underlying NPC cell proliferation, migration and invasion.
Materials and methods
Tissue collection. Our study was approved by the Ethics Committee of Tumor Hosipital of First People's Hospital of Foshan, Foshan, China. We collected 67 cases of NPC tissues and 13 non-tumor nasopharyngeal epithelial tissues at our hospital from April 2014 to March 2016. The written consents have been obtained. The clinical charicteristics of NPC patients was summarized in Table I . The tissue samples were stored at -80˚C before use.
Cell culture. Four NPC cell lines (C666-1, HONE1, CNE1, and CNE2) and a normal nasopharyngeal epithelial cell line NP69 were obtained from the Cell Bank of Chinese Academy of Sciences (Shanghai, China). All cell lines were cultured in Dulbecco's Modified Eagle's Medium (Thermo Fisher Scientific, Inc., Waltham, MA, USA) added with 10% fetal bovine serum (FBS; Thermo Fisher Scientific, Inc.) in a 37˚C humidified atmosphere of 5% CO 2 .
Cell transfection. For transfection, CNE1 cells were transfected with negative control (NC) inhibitor (GeneCopoeia, Inc., Rockville, MD, USA), miR-663b inhibitor (GeneCopoeia, Inc.), scramble miR mimic (GeneCopoeia, Inc.), miR-663b mimic (GeneCopoeia, Inc.), or co-transfected with miR-663b inhibitor and NC siRNA (Yearthbio, Changsha, China), or miR-663b inhibitor and TUSC2 siRNA (Yearthbio) using Lipofectamine ® 2000 (Thermo Fisher Scientific, Inc.), according to the manufacturer's recommendation.
Quantitative PCR assay. Total RNA was extracted from cells by using TRIzol Reagent (Thermo Fisher Scientific, Inc.), which was then converted into cDNA using a Reverse Transcription kit (Thermo Fisher Scientific, Inc.), according to the manufacturer's instruction. The miR-663b levels were examined by real-time RT-PCR using PrimeScript ® miRNA RT-PCR kit (Takara Bio, Dalian, China) on ABI 7500 thermocycler (Thermo Fisher Scientific, Inc.). U6 was used as an internal reference. The primers for miR-663b and U6 were purchased from Kangbio (Shenzhen, China). The mRNA expression of TUSC2 was detected by qPCR using the standard SYBR-Green RT-PCR kit (Takara Bio). GAPDH was used as an internal reference. The primer sequences for TUSC2 were forward: 5'-GGA GAC AAT CGT CAC CAA GAA C-3'; reverse: 5'-TCA CAC CTC ATA GAG GAT CAC AG-3'. The primer sequences for GAPDH were forward: 5'-CTG GGC TAC ACT GAG CAC C-3'; reverse: 5'-AAG TGG TCG TTG AGG GCA ATG-3'. The reaction condition was 95˚C for 5 min, followed by 40 cycles of denaturation at 95˚C for 15 sec and annealing/elongation step at 60˚C for 30 sec. The relative expression was analyzed by the 2 -ΔΔCq method (25) . ) were cultured in 96-well plates, each well with 100 µl of fresh serum-free medium with 0.5 g/l MTT (Sigma, St. Louis, MO, USA). After incubation at 37˚C for 12, 24, 48 and 72 h, the medium was removed by aspiration and 50 µl of DMSO (Sigma) was added to each well. After incubation at 37˚C for a further 10 min, the A570 of each sample was measured using a plate reader (TECAN Infinite M200; Tecan Group Ltd., Männedorf, Switzerland).
Cell migration assay. CNE1 cells were cultured to full confluence, and a plastic scriber was used to create wounds. CNE1C cells were then washed with PBS, and incubated in DMEM containing 10% FBS at 37˚C for 48 h. After that, cells were photographed under an inverted microscope (Olympus, Tokyo, Japan).
Cell invasion assay. CNE1 cell suspension (300 µl, 5x10 5 cells/ml) was added into the upper transwell chambers pre-coated with matrigel (BD Biosciences, San Diego, CA, USA), while 300 µl of DMEM with 10% FBS was added into the lower chamber. CNE1 cells were then incubated at 37˚C for 24 h. After that, CNE1 cells on the upper surface of the membrane were wiped out using a cotton-tipped swab. The filters were stained by crystal violet (Sigma), and photographed under an inverted microscope (Olympus).
Bioinformatics prediction and dual luciferase reporter assay. Targetscan software (www.targetscan.org/) was used to predicate the putative target genes of miR-663b. The wild type (WT) or mutant type (MT) of TUSC2 3'UTR were constructed by PCR and Quick-Change Site-Directed Mutagenesis kit (Stratagene, La Jolla, CA, USA), which was then inserted into the MCS in the psiCHECKTM-2 vector (Promega Corp., Madison, WI, USA), respectively. CNE1 cells were cultured to 70% confluence in a 24-well plate, and co-transfected with 100 ng of WT-TUSC2 or MT-TUSC2 vector, plus 50 nM of miR-663b mimics or scramble miR (NC) using Lipofectamine ® 2000. The dual-luciferase reporter assay system (Promega Corp.) was used to determine the luciferase activities 48 h after transfection. Renilla luciferase activity was normalized to firefly luciferase activity.
Statistical analysis. Data are expressed as the mean ± SD. The association between the miR-663b expression and clinical characteristics of NPC patients was analyzed using chi-square test. The statistical correlation of data between groups was analyzed by student t test or one-way ANOVA. Statistical analysis was performed using SPSS 19.0 (IBM SPSS, Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference.
Results

miR-663b is upregulated in NPC, associated with advanced clinical stage and lymph node metastasis.
The miR-663b levels were firstly examined in a total of 67 cases of NPC tissues and 13 non-tumor nasopharyngeal epithelial tissues. As shown in Fig. 1A , the expression of miR-663b was significantly increased in NPC tissues compared to non-tumor tissues. Moreover, as indicated in Fig. 1B , the NPC cases with high clinical stage showed higher miR-663b levels compared with those with low clinical stage, suggesting that the increased expression of miR-663b may contribute to NPC progression. To further confirm these findings, we studied the association between the miR-663b expression and clinical characteristics in NPC patients. Based on the mean value of miR-663b expression as a cut-off point, we divided NPC cases into high miR-663b expression group and low miR-663b expression group. As shown in Table I , the increased expression of miR-663b was significantly associated with the advanced clinical stage as well as lymph node metastasis. After that, we examined the miR-663b levels in NPC cell lines including C666-1, HONE1, CNE1, and CNE2, compared with a normal nasopharyngeal epithelial cell line NP69. As demonstrated in Fig. 1C , the expression of miR-663b was also increased in NPC cell lines, especially in CNE1 cells, when compared to NP69 cells. Accordingly, miR-663b is significantly upregulated in NPC tissues and cell lines, associated with NPC progression.
Knockdown of miR-663b decreases the proliferation, migration and invasion of CNE1 cells. After that, we studied the regulatory role of miR-663b in the proliferation, migration, and invasion of CNE1 cells. As miR-663b was increased in CNE1 cells, miR-663b inhibitor was transfected in to CNE1 cells, in order to knockdown its expression. As shown in Fig. 2A , transfection with miR-663b inhibitor led to a significant decrease in the miR-663b levels in CNE1 cells, when compared to control group. However, transfection with NC inhibitor did not affect the expression of miR-663b in CNE1 cells (Fig. 2A) .
The cell proliferation, migration and invasion were then examined in CNE1 cells with or without inhibition of miR-663b. MTT assay showed that knockdown of miR-663b significantly reduced CNE1 cell proliferation, when compared to the control group (Fig. 2B) . These findings were consistent with a previous study (19) . Similarly, wound healing assay and transwell assay data further showed that inhibition of miR-663b significantly decreased the migration and invasion of CNE1 cells ( Fig. 2C and D) .
TUSC2 is a novel target gene of miR-663b.
After that, we studied the putative target genes of miR-663b. Targetscan software predicted that TUSC2 was a novel target gene of miR-663b (Fig. 3A) . To clarify this bioinformatics predication, the luciferase vectors containing WT or MT of TUSC2 3'UTR were generated (Fig. 3B ). Luciferase reporter assay was then conducted, and our data indicated that the luciferase activity was significantly reduced in CNE1 cells co-transfected with the WT-TUSC2 luciferase reporter vector and miR-663b mimics, when compared to the control group, which was eliminated by transfection with MT-TUSC2 luciferase reporter vector (Fig. 3C) . Therefore, we demonstrate that TUSC2 is a novel target gene of miR-663b in CNE1 cells.
TUSC2, downregulated in NPC, is negatively regulated by miR-663b in CNE1 cells.
After that, we examined the expression of TUSC2 in NPC tissues and cell lines. Real-time RT-PCR data showed that TUSC2 was significantly downregulated in NPC tissues compared to non-tumor tissues (Fig. 4A) . Moreover, the mRNA and protein levels of TUSC2 were also reduced in NPC cell lines compared to NP69 cells ( Fig. 4B and C) . Therefore, these finding demonstrate that TUSC2 is upregulated in NPC. As TUSC2 has been found to be a target gene of miR-663b, we suggest that the downregulation of TUSC2 may be due to the upregulation of miR-663b in NPC tissues and cell lines. We then examined the effects of miR-663b on the protein expression of TUSC2 in CNE1 cells. As shown in Fig. 4D , knockdown of miR-663b caused a significant increase in the protein levels of TUSC2 in CNE1 cells. After that, CNE1 cells were transfected with miR-663b mimic or miR-NC, respectively. After transfection, the miR-663b levels were significantly increased in miR-663b group compared with miR-NC group (Fig. 4E) . As shown in Fig. 4F , overexpression of miR-663b led to a significant reduction in the protein levels of TUSC2. Therefore, the expression of TUSC2 is negatively regulated by miR-663b in CNE1 cells.
Knockdown of TUSC2 attenuates the suppressive effects of miR-663b downregulation on the proliferation, migration and invasion of CNE1 cells.
Based on the above data, TUSC2 is likely to be involved in the miR-663b-mediated malignant phenotypes of NPC cells. To clarify this speculation, miR-663b inhibitor-transfected CNE1 cells were transfected with NC siRNA or TUSC2 siRNA, respectively. After transfection, the TUSC2 mRNA and protein levels were significantly reduced in the miR-663b inhibitor+TUSC2 siRNA group, when compared to the miR-663b inhibitor+NC siRNA group (Fig. 5A and B) . MTT assay, wound healing assay and transwell assay were then examined. As shown in Fig. 5C , the proliferation of CNE1 cells were significantly decreased in the miR-663b inhibitor+TUSC2 siRNA group compared to the miR-663b inhibitor+NC siRNA group, indicating that knockdown of TUSC2 attenuates the suppressive effects of miR-663b inhibition on the proliferation of NPC cells. Similarly, the migration and invasion of CNE1 cells were also downregulated in the miR-663b inhibitor+TUSC2 siRNA group compared to the miR-663b inhibitor+NC siRNA group ( Fig. 5D and E) . Therefore, we suggest that miR-663b plays a promoting role in NPC cell proliferation, migration and invasion through targeting TUSC2.
Discussion
The molecular mechanism of miR-663b underlying NPC growth and metastasis has not been fully understood. Here we reported that miR-663b was significantly upregulated in NPC tissues and cell lines, compared with non-tumor nasopharyngeal epithelial tissues and normal nasopharyngeal epithelial NP69 cells, respectively. The increased expression of miR-663b was associated with advanced clinical stage and lymph node metastasis. Knockdown of miR-663b caused a remarkable reduction in the proliferation, migration and invasion of NPC CNE1 cells. TUSC2, significantly downregulated in NPC tissues and cell lines, was identified as a novel target gene of miR-663b. Moreover, miR-663b negatively regulated the expression of TUSC2 at the post-transcriptional levels in CNE1 cells. Moreover, inhibition of TUSC2 expression attenuated the suppressive effects of miR-663b downregulation on the proliferation, migration and invasion of CNE1 cells.
In recent years, miR-663b has been demonstrated to act as a tumor suppressor or an oncogene in different cancer types (26) (27) (28) (29) . As a tumor suppressor, miR-663b inhibits the proliferation, migration and invasion of glioblastoma cells via targeting TGF-β1 (30) . Besides, it suppresses tumor growth and invasion in pancreatic cancer by inhibition of eEF1A2 (31) . In addition, it could induce mitotic catastrophe growth arrest in human gastric cancer cells (26) . On the contrary, miR-663b was also reported to be significantly upregulated in lung cancer, and promote the tumor cell proliferation by targeting several tumor suppressors (29) . The dual roles of miR-663b in different cancer types may attribute to which is consistent with our data. Moreover, we showed that the increased expression of miR-663b was significantly associated with advanced clinical stage and lymph node metastasis. These findings suggest that the increased expression of miR-663b may contribute to the malignant progression of NPC. To further reveal the role of miR-663b in NPC, we transfected NPC cells with miR-663b inhibitor, in order to knockdown its expression. Our data indicate that inhibition of miR-663b caused a significant reduction in NPC cell proliferation, migration and invasion, suggesting that miR-663b may have promoting effects on NPC growth and metastasis. Yi et al also reported that miR-663b could promote NPC cell proliferation in vitro as well as tumor growth in vivo (19) .
As miRs function through directly inhibiting the protein expression of their target genes (8), we then conducted bioinformatics analysis to predicate the potential targets of miR-663b. Our data showed that TUSC2 was a putative target gene of miR-663b, which was further confirmed by using luciferase reporter assay. TUSC2 was previously reported to be significantly downregulated in NPC based on NPC gene chip data. To further confirm these previous findings, we examined the mRNA and protein expression of TUSC2 in NPC tissues and cell lines. Our data showed that TUSC2 was indeed downregulated in NPC tissues and cell lines, when compared non-tumor nasopharyngeal tissues and normal nasopharyngeal epithelial cells, respectively. Moreover, we showed that the protein expression of TUSC2 was negatively regulated by miR-663b in NPC cells. These findings suggest that the downregulation of TUSC2 in NPC may partly be due to the upregulation of miR-663b.
The tumor suppressive role of TUSC2 has been previously studied in other cancers (21) . Meng et al reported that TUSC2 could sensitize non-small cell lung cancer to MK2206, an AKT inhibitor, in LKB1-dependent manner (21). Xin et al showed that overexpression of FUS1 could inhibit the proliferation, migration and invasion of human glioblastoma cells (23) . As TUSC2 was found to be downregulated in NPC and negatively regulated by miR-663b in NPC cells, we speculated that it may be involved in the miR-663b-mediated malignant phenotypes of NPC cells. Our data showed that knockdown of TUSC2 significantly attenuated the suppressive effects of miR-663b inhibition on the proliferation, migration and invasion of NPC cells, suggesting that miR-663b promotes the malignant phenotypes of NPC cells by directly targeting TUSC2. In addition, except for miR-663b, several other miRs were also found to directly target TUSC2, including miR-584, miR-93, miR-98, and miR-197 (32, 33) . Therefore, our study expands the understanding of miRs/TUSC2 axis in human cancers. Future studies should further explore the regulatory mechanism of miR-663b/TUSC2 axis in NPC in vivo using animal models.
In conclusion, our study used a wider series of tissue specimens to show the upregulation of miR-663b in NPC, and constructed the association between the miR-663b expression and advanced clinical stage. Moreover, this is the first study reporting that miR-663b plays a promoting role in the regulation of NPC cell proliferation, migration and invasion, partly at least, via directly targeting TUSC2. Therefore, we suggest that miR-663b may become a potential therapeutic target for the treatment of NPC.
